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The May-Hegglin Anomaly : Platelet Function,

Ultrastructure and Chromosome Studies

By JEANNE M. LusHEn, JOHN SCHNEIDER, I. MIZUKAMI,

AND RUTH K. EVANS

T HE MAY-HEGCLIN ANOMALY is a rare hereditary condition charac-

terized by giant platelets and D#{246}hle inclusion bodies in the granulocytes.

May first described the anomaly in 1909,’ and in 1945 Hegglin described the

condition in a man and his two sons.2 Subsequent reports have confirmed the

familial nature with an autosomal dominant mode of inheritance.3�3

Although most persons with the May-Hegglin anomaly have no abnormal

clinical manifestations, some have had a definite hemorrhagic tendency which

would not he wholly accounted for by the degree of thrombocytopenia which

they manifested. Detailed coagulation studies have been reported in only two

instances.4’11 Three affected members of one family were found to have a mod-

erate deficiency of platelet thromboplastic activity;4 electron microscopic obser-

vations of whole unsectioned platelets of one member of this family were

interpreted as demonstrating abnormal viscous metamorphosis.14

We have recently had the opportunity to study a father and son with the

May-Hegglin anomaly. The present report describes coagulation studies, par-

ticularly those of platelet function, as well as electron microscopic observations

of platelet and granulocyte ultrastructure. Chromosomal studies are included as

the only previous report of chromosome analysis in the May-Hegglin anomaly

described a minor chromosomal abnormality.7

CASE REPORT

The father reported here and his brother, both physicians, were found to have the
May-Hegglin anomaly on incidental examination of their peripheral blood smears. Both

were clinically well. The father studied by us underwent a tonsillectomy and adenoid-
ectomy at age eight years without excessive bleeding, and has had no bleeding manifes-
tations other than a bleeding peptic ulcer at age 30, which was controlled with diet and

antacids. When peripheral blood smears were obtained on his two sons, one and one-half

and four years old, the oldest son was found to have D#{246}hlebodies and giant platelets,
while the younger boy did not.

The family is of German and Irish descent. The physicians’ parents were unavailable

for study, and it is not known whether either parent had the May-Hegglin anomaly.
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MAY-HEGGUN ANOMALY 951

METHODS

Peripheral blood films were stained with Wright’s stain. Platelet counts were done by
the direct method, using a phase contrast microscope. Platelet rich plasma (PRP) for

platelet function tests was prepared by collecting blood in one-tenth volume 3.8 per cent

sodium citrate and allowing it to stand at 4 C. for two to three hours until erythrocytes

had settled out. (This method of processing was found to be necessary, as with the slow
speed centrifugation routinely used for obtaining PRP the giant platelets were spun down

with the red cells.) PRP was pipetted off and maintained in silicone glassware at 4 C. and

tests performed as soon as possible. In order to avoid erythrocyte contamination only the

upper third of the PRP was used. All in vitro microscopic observations were made on

citrated PRP at room temperature using a phase contrast microscope.

Ultrastructural Studies

Sectioned platelets and granulocytes were studied with the electron microscope. Venous

l)1()Od was collected into ACD solution in siliconized tubes and allowed to settle.

The huffy coat (containing platelets and WBC’s) was processed in the following manner:

1) Fixed in 2.5 pet’ cent glutaraldehydela in Millonig’s buffer1#{176} for 2 hours at room

temperature.

2) Washed several times with the buffer over a period of several hours, to remove

unbound glutaraldehyde.

3) Stored at 4 C. in buffer for three days.

4) Post-fixed in Palade’s fixative17 for 2 hours at room temperature.

5) Embedded in 2 per cent agar at 45-50 C.18

6) Agar blocks were dehydrated with acetone.

7 ) Blocks were embedded in Vestopal-W1#{176} polymerized for 24 hours at 60 C. in BEEM

capsules.

�S) Sections were cut on an LKB Ultrotome, type 8801A, using glass knives.

9) Staining of sections was accomplished with uranyl acetate or uranyl acetate and

lead citrate)�0

10) Stained sections were exan�ined by means of an RCA-EMU3II electron microscope

at 50 K\7.

Tests of Platelet Function

\Iacroscopic platelet aggregation in citrated PRP was estimated in glass tubes after

addition of ADP (1.0 to 69 �g per cc.) and adrenalin (1.0 �tg per cc.).2’ The tubes were

agitated and observed through a hand lens for platelet clumping. PRP was also observed

microscopically for the presence of spontaneous aggregation and adhesion.22 Samples of

PRP were mixed with ADP, adrenalin, and a semipurified collagen preparation (saline
extract of human dura) and observed for microscopic aggregation and adhesion.23.2’

Platelet adhesiveness was done by two methods: A). a modification of the in vitro method
df Salzman, in which venous blood is passed through a standard glass bead column and the
percentage of platelets which adhere to the glass beads is determined by comparison of

direct platelet counts (lone before and after passage through the beads;25 and B). in vivo

platelet adhesiveness as determined by the method of Borchgrevink,2#{176} in which the
difference in platelet count between a venous sample and a “capillary” blood sample

from a standard wound represents the adhesive platelets.

The release of platelet aggregating activity (platelet release phenomenon) was tested as

follows. Citrated PRP was defibri.nated with thrombin or agitated with a tendon extract
for four minutes. The supernatant plasma was separated by centrifugation at 3000 g. and

an aliquot tested for macroscopic aggregating activity on normal nitrated PRP.2�

General Tests of Hemostatic Function

These tests included the Ivy bleeding time, tourniquet test, Lee-White clotting time,

Quick prothrombin time and serum prothrombin time.2831 The hernolysate prothrombin

consumption time was determined by the method of Quick.32
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952 LUSHER ET AL.

Fig. 1.-Father’s peripheral blood smear showing giant platelet and pale blue
D#{246}hlebody in cytoplasm of neutrophil.

Platelet Thromboplastic Activity

The father’s washed platelets were compared to normal platelets in the T.G.T. system,

using normal serum and normal adsorbed plasma. Test and control platelets were washed
three times in normal saline and tested at four different concentrations.

Other Studies

Chromosome preparations were made from peripheral blood leukocyte cultures. Serum

immunoelectrophoresis was done by the method of Heimburger and Schwick.33

OBSERVATIONS AND RESULTS

Wright’s stained peripheral blood films from father and son showed, in addi-

tion to a lesser number of smaller, normal appearing platelets, marked varia-

tion in size and shape of platelets, with many giant round forms and elliptical

forms measuring up to 8 j.� (Fig. 1 ). D#{246}hle bodies were easily visible in the

cytoplasm of 98 per cent of the granulocytes and 50 per cent of monocytes.

They appeared as fusiform or crescentic inclusions near the periphery, most

measuring one to three p. in diameter and staining a prominent sky blue color

against the pinkish gray background of the neutrophilic cytoplasm. While most

granulocytes contained one D#{246}hlebody, some contained two or three. The�’

were also visible in the eosinophils and basophils, although almost obscured

by the coarser granules.

The father is mildly thrombopenic, while his affected son has a normal plate-
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MAY-HEGCUN ANOMALY 953

Table 1.-Platelet Studies

Test Father Son

Direct Platelet Count (Normal 160,000-400,000) 100,000/mm.3 328,000

Morphology-Light & Phase Microscopy Marked variation in size

and shape, with many giant

platelets

Same

Electron Microscopy Normal ultrastructural Not done

Clot retraction

appearance
Good Good

Serum Prothrombin Time (Normal >25 seconds) 14 seconds 32 seconds

Serum Prothrombin Time with Hemolysate 46 seconds -

(Normal >45 seconds)

Ivy Bleeding Time (Normal 3 to 7 minutes) 6 minutes Not done

Tourniquet Test Negative Negative

Platelet Adhesiveness (Normal >20 per cent) 36 per cent 64 per cent
Platelet Thromboplastic Function (T.G.T.) Abnormal Not done

Aggregation by ADP Normal Normal
Aggregation by Adrenalin Normal Normal

Aggregation by Collagen Normal Normal

Adherence to Connective Tissue Particles Normal Normal

Release of Platelet Aggregating Activity Normal Normal

let count (Table 1 ). Under phase microscopy the platelets of both father and

son again showed considerable variation in size and shape with many giant

forms, but otherwise appeared normal.

Ultrastructural Observations

Electron microscopy of the father’s sectioned platelets revealed them to be

quite large, but ultrastructurally normal. Specific granules, mitochondria and

other organelles were similar to those of normal platelets. The granulocytes

had irregular cytoplasmic regions which lacked specific granules ( Figs. 2 and

3 ) . These regions correspond in size and shape to the D#{246}hlebodies seen with

light microscopy of Wright’s stained blood films. The cytoplasmic patches are

distinctly separated from the surrounding cytoplasm; and consist of small gran-

ules, homogeneous amorphous densities, and fine electron-dense fibrils of van-

ous lengths.

Tests of Platelet Function and General Hemostatic Function

Macroscopic platelet aggregation occurred normally on addition of ADP,

adrenalin, and collagen preparation. After addition of ADP to father’s and

son’s PRP, sudden massive clumping occurred within ten seconds. Similarly,

adrenalin induced aggregation within 20 seconds, and a saline extract of human

dura also clumped the platelets within 20 seconds.

When PRP was observed by phase microscopy, spontaneous aggregation on a

glass slide occurred normally, as did rapid microscopic aggregation following

addition of ADP, adrenalin, or collagen preparation. There was also normal

adhesion to the collagen particles.

Platelet adhesiveness was found to be normal. The consumption of the
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954 LUSHER ET AL.

� 1)1�-

Fig. 2.-Ultrastructure of neutrophil, showing irregular cytoplasmic region which
lacks specific granules. Glutaraldehyde-osmium teti-oxide fixation, section stained

with uranyl acetate and lead citrate. Original magnification 28,000. N = nucleus,

I) = D#{246}hlebody.

father’s platelets on glass beads was 36 per cent (normal > 20 per cent), and

that of the son’s platelets 64 per cent. In vivo platelet adhesiveness test demon-

strated adherence of 70 per cent of the father’s platelets to the damaged vessel

�vall.

Release of platelet aggregating activity was also normal. The supernatant

plasma removed 15 minutes after addition of thnombin gave nonmal substrate

aggregation times of approximately nine seconds. Similar results were obtained

in PRP treated with a tendon extract.

General tests of hemostatic function in the father revealed a Lee-White clot-

 For personal use only. by guest on March 26, 2011. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


MAY-IIEGGLIN ANOMALY 955

Fig. 3.-Higher magnification of DoMe body from Figure 2 showing particles
of various sizes, and fine electron-dense fibrils. Original magnification 72,500.

ting time of 14 minutes ( normal, ten to fifteen minutes ) , good clot retraction

at one hour, negative tourniquet test, Ivy bleeding time of six minutes ( normal,

three to seven minutes), Quick prothrombin time of 12.8 seconds (control

12.6 seconds ) , Owren prothrombin assay 100 per cent, factor V assay 100 per

cent, and partial thromboplastin time, 66 seconds ( normal, 60 to 70 seconds).

The father’s serum prothrombin time was determined on three separate oc-

casions and found to be 14.2, 14.7 and 15.0 seconds ( normal, > 25 seconds).

These abnormally short serum prothrombin times were corrected to 46-48

seconds by the addition of hemolysate. When his washed platelets were tested

with normal adsorbed plasma and normal serum in the T.G.T., a definite lag

was observed with platelet concentrations of 125,000 and 250,000/ mm.�, sug-

gesting a moderate defect of platelet thromboplastic function ( Table 2).

The son also had a normal clotting time, good clot retraction, and negative
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Table 2.-Platelet Thromboplastic Function

I ncul)at ion
‘l’ime

(minutes)

1,000,000

Father

P1./mm.3

Control

500,000

Father

P1./mm.3

Control

250,000

Father

P1./mm.3

Control

125,000

Father

P1./mm.3

Control

1 9 19 11 9 27 18 56 36

2 8 8 9 8 12 9 13 10
3 10 8 8 8 15 10 16 10
4 11 8 10 9 15 11 17.6 13
5 12 8 11 10 16 11 18 14

*Father’s platelets and control platelets tested at 4 concentrations; father’s platelets show a

lag at concentrations of 125,000 and 250,000/mm.3 The same Normal adsorbed plasma and

serum were USe(l in all test systems.

tourniquet test. His serum prothrombin time was normal, being 32 seconds.

Not enough blood was obtained to test his platelets in the T.G.T. system.

Chromosomes and Immunoglobulirts

Both father and son had a normal modal number of 46 chromosomes with a

normal karyotype . Immunoelectrophoresis of their sera revealed normal

patterns.

DIscussIoN

In 1912 DOhle described oval blue-staining cytoplasmic inclusions in the leu-

kocytes of patients with scarlet fever.34 They were later noted to occur tran-

siently in the acute phase of other infectious diseases ( erysipelas, rubeola,

typhus, tuberculosis, diphtheria, as well as infections with E. coli, pseudomo-

nas, and staphylococcus aureus ) �3538 They are usually round or oval, and vary

in size from just visible to one to two j.� in diameter. D#{246}hlebodies are a frequent

finding in the granulocytes of patients with burns involving more than two

per cent full thickness skin loss, appearing during the first day or two following

the burn and often persisting for two or more weeks. These inclusions have

been shown to originate within the cell, and are more numerous in younger

forms of the myeloid series.39

In the May-Hegglin anomaly, D#{246}hle bodies are a consistent rather than

ITansient finding, and are larger, more discrete, and occur in a much larger

percentage of cells. They usually measure one to three p. in diameter and are

quite prominent. Special staining techriics have shown them to consist largely

of RNA.56 Methyl green pyronin Y stains the cytoplasmic patches pink; if the

unstained peripheral smear is first incubated with ribonuclease and then

stained, the DOhle bodies no longer stain with pyronin, confirming their RNA

content.5’4#{176}

Easton and Fessas studied D#{246}hle bodies in a variety of conditions, and con-

cluded that there was a close structural relationship between the D#{246}hlebodies

found in the May-Hegglin anomaly and those found in association with various

infections, a high proportion of RNA being present in both. They also noted

that approximately half of their infectious disease patients who had D#{246}hle

bodies also had a transient thrombopenia, and thus such cases might con-
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MAY-HEGGLIN ANOMALY 957

ceivably be confused with the May-Hegglin anomaly.38 Such was probably the

case in a 45 year old patient reported by Leitner et al., who died with massive

purpura and sepsis.41 Although reported as a case of Hegglin’s anomaly, the

patient’s D#{246}hlebodies and thrombopenia were probably acute acquired infec-

tious phenomena.

Electron microscopy of sectioned May-Hegglin leukocytes in our case and in

two previous reports have shown the “D#{246}hlebodies” to be cytoplasmic regions

which lack specific granules.12’13 These patches are distinct from the remainder

of the cytoplasm. They consist of small granules (200 A in diameter) which are

probably glycogen, amorphous homogeneous densities, and fine electron-dense

fibrils of variable lengths which are thought to represent ribosomes.

Whether the May-Hegglin leukocytes function normally is still not entirely

clear. Most evidence suggests that they do, in that none of the persons reported

to date have had increased incidence of infections, and Rebuck skin window

tests were said to be normal in the family reported by Petz et al.4 However,

Rebuck et al. described leukocyte dysfunction at the inflammatory site in one

person. This consisted of a loss of the cytoplasmic inclusion following migration

of the leukocytes into the inflammatory site, and seeming impairment of

phagocytic activity.42

Bleeding Manifestations and Coagulation Studies

The only clinical abnormality reported in the May-Hegglin anomaly has been

a bleeding tendency ( in approximately one-fourth of the cases reported). This

no doubt reflects at least in part the thrombopenia which occurs to some de-

gree in the majority of persons with this anomaly ( Table 3 ) ; however some

investigators have implicated a platelet thromboplastic function defect as

well.4’14 Of 44 persons with the May-Hegglin anomaly in the literature, 12

have been described as having significant hemorrhagic manifestations.2’#{176}’1013

The most common types of bleeding are recurrent epistaxis, and purpura, each

reported in nine instances.

There is apparently a variable expressivity in the number of platelets, even

among affected members of a single family ( as was the case in father and son

reported here). While the platelet count may be normal, in the majority of

cases reported there is some degree of thrombocytopenia ( Table 3) . The

platelets show a marked degree of aniso- and poikilocytosis, with giant round

platelets as well as cigar-shaped forms and some normal appearing ones.

Platelet survival studies have been reported in three persons.8’13 All three had

somewhat shortened platelet survival, including one who had had a splenec-

tomy. In each instance where a bone marrow was done, adequate numbers

of megakaryocytes were

Coagulation tests have rarely been reported; however in our two patients

and a few other sporadic reports, coagulation tests other than those reflecting

platelet numbers or platelet thromboplastic function have been normal. Clot

retraction is proportional to the platelet count, being absent or poor in persons

��‘ho are severely thrombopenic. Similarly, prolonged bleeding times and posi-

 For personal use only. by guest on March 26, 2011. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


958 LUSHER ET AL.

0
a

�
� .;:, �

-� -� � �-�: �
+� � .� � �

:i� � � ,-,�. � �

� � a� �
fi c,� �‘u #{176}‘�a� �

� -� -�

� act� �
#{176}��i � � c��0”�.�ao

�� �
c�o��2 ��oocE�e;

-�. Z;-�Zc� - �

0

.E �
�L .�
� � ‘��2 c� a

� � � �
� � � 0� 0-

� � � � �
.� � -;.� �: :�

0 bt � ‘�C � .� -

� a � a0 ca a
� �a � E’� � E’� � � � � � .�

c�) � 0�000-00 00-0-0000- o
-� � Z0.�ZZ�0-Z Z�ZZ� z
� a
‘
0 0

�. 0

�
� a

.� .� C 0
�- � a C

.�. a -� C) 00
0 � �) �- � � 0�I �0
i�. 0 0 � � � � � © C � c’3
‘ .- � C - � © � � �

� � .- C �‘ � � � &f�_ © �‘ �

E -� �d’-0� �-- � a a� c� o��004 �- �0-
a � � c: � �

c� � � � � �-

I �0�Lf�Q� �0 � �. ,� - �‘1 � - ‘� �- 00 ‘1’ Lf� C’3 �1’ � -

cit

-� �0

.a
0

� ‘_&� 0-
.�i -�‘3�c’3C’� c’3 � ‘-‘�‘

oa -

zc_�
-a
a
0

�- c��� � C�t c’3 �‘ �‘ ‘�‘ � � c� �0 0
a � �,� � � �0 �0 �0 CC �0 CO �0 �0 C)

�C) 03 C� 03 C� C� 03 C� 03 C� 03 03 C� 03
� -

Cl)

a
0

C)

‘O 0-
.0 0 �,_
+� a o� �

,- a,- � �a�ll �
0 �0C) � �0-�C)�Cl)a �-4 C�� � � � .� �

� � �: � �

 For personal use only. by guest on March 26, 2011. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


MAY-HECGLIIc ANOMALY 959

tive tourniquet tests have been found in individuals with very low platelet

counts.’113

Tests of platelet thromboplastic function are of greater interest. Abnormal

prothrombin consumption was found in the families studied by �

and by Petz,4 and was found in the father studied by us on each of three sepa-

rate occasions. His abnormally short serum prothrombin time was corrected

by the addition of hemolysate, suggesting a platelet defect. His platelet count

of 100,000/mm.’ is not sufficiently low to account for the abnormal prothrom-

bin consumption, thus a platelet thromboplastic function defect seemed likely.

This was substantiated by a significant lag in the thromboplastin generation

test when the father’s platelets were tested in concentrations of 125,000/ mm.’

and 250,000/mm.’, but not in higher concentrations. Petz et al.4 also reported

“moderately deficient” platelet thromboplastic activity in three persons with

the NIay-Hegglin anomaly. Nevertheless one must have strong reservations

about the physiologic importance of these results. The study of platelet throm-

boplastic activity is difficult to standardize, and interpretation of results is

always open to question.

Electron microscopy of sectioned platelets has been described in three pre-

vious reports.’2�4 As in the father studied by us, no structural abnormalities

were noted other than increased size. However, electron microscopic observa-

tions of whole unsectioned platelets from one individual with the May-Hegglin

anomaly were interpreted by Rebuck and coworkers as demonstrating abnor-

mal viscous metamorphosis.14 Their observations of defective pseudopodial

formation and lack of platelet spreading may account for defective release of

platelet factor 3. The latter may be apparent only on testing at low concentra-

tions of platelets, or clinically in persons who are moderately thrombopenic.

To date all persons with the May-Hegglin anomaly have been heterozygotes.

Thus it is unknown whether the homozygous state would be associated with a

more severe hemorrhagic disorder, as is the case in another rare hereditary

condition characterized by giant platelets. First described by Bernard and

Soulier and termed, “la dystrophie thrombocytaire h#{233}morragipare cong#{233}ni-

tale,”4’ this disorder is apparently transmitted as an incompletely recessive

autosomal trait. In addition to giant platelets, homozygotes have abnormal

platelet thromboplastic function and a bleeding diathesis, while heteroz�gotes

have a lesser number of giant platelets only.44

Both father and son had normal chromosomes. This finding is significant in

that the only other family in whom chromosome studies were done had a mi-

nor chromosome abnormality ( a large acrocentric chromosome with a barely

detectable short arm ) . However the finding of this abnormal chromosome in

the other family members who did not have the May-Hegglin anomaly sug-

gested that it was probably unrelated to the latter.7

SUMMARY

A father and son with the May-Hegglin anomaly were studied. Both were

asymptomatic, although the father had a mild thrombocytopenia and a prob-

able platelet thromboplastic function defect. Possible mechanisms for the
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bleeding tendency observed in approximately one-fourth of the persons with

this anomaly are discussed. The autosomal dominant mode of inheritance is

again demonstrated, and both father and son were found to have normal

chromosomes.

SUMMARIO IN INTERLINGUA

Esseva studiate an patre e su filio qui habeva le anormalitate de May-Hegglin. Le duo
subjectos esseva asymptomatic, ben que le patre habeva un leve thrombocytopenia e un
probabile defecto de function thromboplastic in le plachettas. Mechanismos possibile pro

le tendentia sanguinatori observate in approximativemente un quarto del personas con

iste anormalitate es discutite. Le modo de hereditate a dominantia autosomal es demon-

strate de novo, e tanto in le patre como etiam in le filio normalitate chromosomal esseva
establite.
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